In plant-microbe symbioses each partner acquires something useful from the other but does not harm its partner. The most well-studied plant-microbe symbiosis is that between legumes and their nitrogen-fixing bacteria. An even more pervasive symbiosis is between arbuscular mycorrhizal (henceforth AM) fungi and plant hosts. The early steps in establishing nitrogen-fixing and AM symbioses are shared (Oldroyd, 2013) . AM fungi facilitate uptake of phosphorus and other scarce soil minerals by the plant roots, and in turn AM fungi acquire carbohydrates and lipids from the plant (Luginbuehl and Oldroyd, 2017) . Accordingly, AM fungi are obligate biotrophs, they cannot be grown in pure culture. AM fungi are promiscuous in terms of their host, as they are able to form symbioses with most plant families (note that studying AM fungi-plant interactions is not possible with Arabidopsis or other members of the Brassicaceae, as several key genes needed to establish the interaction have been lost from Brassicaceae genomes).
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There are roughly 250 AM species of fungi, as categorized by spore morphology. Millions of nuclei occupy a shared cytoplasm, and spores each contain several hundred nuclei. There is no known sexual stage, although there might be a hidden or cryptic sexual cycle, as meiotic genes are present in the genome. There are two types of AM infections. In the Arum type, as illustrated in Figure 1 , the fungus penetrates the plant cell epidermis and then spreads via intercellular spaces in the root cortex, ultimately forming terminal arbuscules in the inner root cortical cells. Nutrient transfer occurs in the arbuscules. The work described in the highlighted Resource (Zeng et al., 2018) was led by Erik Limpens, an Assistant Professor at Wageningen University. Erik has studied symbiotic interactions since 2000; during his Ph.D. in Ton Bisseling's group, he focused on the mechanisms by which rhizobium bacteria are hosted inside nitrogen-fixing symbiosomes in legumes. But as there is substantial overlap in the signaling mechanisms used by rhizobium and arbuscular mycorrhizal fungi (Oldroyd, 2013) , they often compared the two symbiotic systems (e.g. Huisman et al., 2016) . The laboratory in Wageningen participated in generating a draft genome of the widely studied AM fungus Rhizophagus irregularis DAOM197198, using a single nucleus sequencing approach (Lin et al., 2014) . This and another draft AM genome (Tisserant et al., 2013) provided the impetus to concentrate on the less studied fungal side of the AM-host symbiosis. The group was interested in globally characterizing the secreted proteins of AM fungi, that is, in identifying candidate effectors that might interfere with plant immune responses or modulate host metabolism and gene expression to regulate the symbiosis. Indeed, SP7, the first effector characterized from an AM fungus, binds to a plant transcription factor and thereby suppresses the plant immune response (Kloppholz et al., 2011 ). Erik's group therefore decided to obtain the transcriptomes from three different developmental stages of R. irregularis: extraradical hyphae (before contact with the host), intraradicle hyphae (in contact with the host), and arbuscules (symbiosis established). As host plants, they chose three distantly related plants, two dicots and one monocot: Medicago truncatula, a model legume, N. benthamiana, a member of the Solanaceae, and Allium schoenoprasum (common name chives). Chives is not a model monocot, in the sense that maize or rice is, but they chose it because they routinely used it to propagate R. irregularis in the lab.
The first author of the highlighted paper, Tian Zeng, a Ph.D. student in Erik's group, set up the laser microdissection technique needed to collect enough material from some of the developmental stages; they then collaborated with Elio Schijlen's group at Wageningen University to carry out the RNA-seq analyses. Using their RNA-seq datasets, cross-validated with the updated draft genome, they identified 338 genes that encoded putative secreted proteins, each having at least 100 RNA-seq reads. They expected and found that most (254) of these genes were expressed in all three hosts (consistent with the known promiscuity of AM fungi). But intriguingly, the expression levels of 42 candidate effectors varied from host to host. They next set up a mixed culture experiment, wherein one AM fungal inoculant was allowed to simultaneously colonize two different hosts (Medicago and Chives), but where the roots of the two plants could not contact each other. They then used qRT-PCR to show that there were expression differences for four selected Medicago or Chivedependent candidate effectors. Lastly, by comparing the transcriptomes of the three developmental stages, they found that there were potential effectors that were more highly expressed at one stage or another, and most interestingly, that 52 were more highly (or even specifically) expressed in the arbuscules. Not all secreted proteins will be bona-fide effectors per se, as some might be involved in other aspects of the fungal life cycle. This resource will be useful for researchers working on arbuscular mycorrhizal fungi but also for those studying other plant-microbe interactions. Combining laser capture microdissection with RNA-sequencing is becoming increasingly popular, given the limited number of cells in contact with an infecting microbe and because different infection or developmental stages are present within the same tissue. However, there are still considerable challenges to functionally characterize all these secreted proteins, as there is as yet no method to stably transform AM fungi and it is still unclear if transient gene silencing techniques (e.g., Tsuzuki et al., 2016) will work at every developmental stage of the symbiosis. Erik said they are very interested in the host-dependent secreted proteins, and especially in those that are arbuscule-specific. Further comparisons of transcriptomes, using additional AM fungi, different host/host combinations, and different environments, should help pinpoint what transcriptional differences correlate with differences in plant performance or symbiotic efficiency (e.g., Koch et al., 2017) .
